Aim In aiming to cure patients with colorectal cancer surgery, the surgeon must carefully dissect the mesocolon and mesorectum and divide the vascular pedicle near to its origin so as to include all local lymph nodes. This has been termed complete mesocolic excision. The distance from the distal vascular tie to the bowel wall in the fixed specimen is an indication as to the quality of surgery but this does not assess the length of the residual vascular pedicle and, by implication, residual lymph nodes. The aim of this study was to establish if our surgeons were carrying out complete mesocolic excision by assessing the length of the proximal arterial pedicle and relating this to arterial length in the fixed specimen.
Introduction
Total mesorectal excision (TME) has so improved the survival rate for rectal cancer that in some studies the survival is better than colon cancer [1] [2] [3] . Complete mesocolic excision (CME) similarly follows embryological planes with the application of a high tie to the proximal feeding vessel. By including proximal mesocolic lymph nodes, CME could improve survival for colon cancer patients [4] [5] [6] .
Current practice is for the pathologist to measure the distance of the feeding artery to the bowel wall. Ideally this is carried out on the fresh specimen to prevent the shrinkage which occurs after formalin fixation but in reality this is not generally the case. Added to this is the fact that the length of the main supplying vessel can vary [7, 8] . In addition, any measurement of the resected specimen may not reflect the length of the proximal remaining vessel. A recent Norwegian study based on postoperative CT scans which had been requested following complications demonstrated that a much longer stump remained even if a 10 mm cut-off was accepted for optimal CME surgery [9] .
The aim of this prospective study was to measure the length of the remaining main feeding artery, to explore any relationship between the distance measured on the specimen and the actual length of the arterial stump and to clarify whether there is a difference in arterial length according to the location of the tumour.
Method Patients
Elective patients > 18 years old undergoing surgery for colon cancer at Randers Regional Hospital (Jutland, Denmark) between 7 May 2014 and 22 June 2015 with a short interruption between 5 March 2015 and 11 May 2015 due to financial constraints were included. The exclusion criteria were (i) T4 tumours at preoperative CT scan; (ii) tumours in the transverse colon or either flexure; (iii) benign tumours identified at pathology; and (iv) contrast allergy or decreased renal function.
Surgery
Patients underwent surgery adopting the principles of CME with ligation of the ileocolic artery (ICA) at its origin from the superior mesenteric artery on the right side and distal to the ascending left colic (D2) on the left [10, 11] . Surgeons trained in the CME technique were asked where possible to mark the point of ligation with a laparoscopic metal clip. This then enabled a CT scan to identify the point of artery ligation at subsequent imaging.
CT scans
Preoperatively patients underwent a CT scan (Philips CT scan, Amsterdam, the Netherlands) of their chest, abdomen and pelvis and this was repeated 2 days postoperatively. This imaging demonstrated the length of the residual vessel. The postoperative protocol used was as follows: collimator 64 9 0.625; increment 1 mm; pitch 1.176; table speed 0.75; kV 120; mA s 250 (depending on the individual patient); dose modulation dynamic dose-modulation. We used a power injector to inject contrast medium (Iomeron 300 mg/ml, total 4 ml/kg, max 180 ml followed by 50 ml saline). Scans were obtained in the arterial and portovenous phase (scan delay for acquisition 15 s and 50 s after bolus threshold, threshold 150 HU). Postoperative scans were interpreted prior to discharge.
Measurement of arteries
CT scans were reviewed on a dedicated Philips CT workstation with two-dimensional multi-planar reconstruction. Measurements were carried out by a single radiologist (MR) who knew the location of the original tumour but not the subsequent operation. For right hemicolectomy the ICA was chosen as the main supplying vessel and for left sided resections the inferior mesenteric artery (IMA). Arterial length was measured from the origin to the ligation point. This was generally but not always marked by a vascular clip (Fig. 1) . Surgeons in this study chose to ligate the IMA distal to the left coronary artery (LCA). We included two measurements for the IMA: the distance from the ligation to the IMA origin (according to CME guidelines) and the distance from the ligation to the departure of the LCA (intention of the surgeons).
Validation of measurements
We asked a second radiologist, blinded to previous reports, to review 20 CT scans from the study and to measure the length of the arterial stump. We randomly selected 10 CT scans after surgery on the right side (five with clips and five without) and 10 CT scans from the left side.
Pathology
Resected specimens were examined after fixation with 5% formalehyde. Data points included TNM stage (version 5), distance from the high tie to the nearest mesenteric aspect of the bowel wall, distance from the high tie to the tumour, plane of resection (mesocolic, intramesocolic or muscularis propria) and the number of lymph nodes harvested.
Statistics
Statistical analyses were performed with STATA IC 12 (StataCorp LLC, College Station, Texas, USA) using the Student t test in univariate analyses. All data were demonstrated to follow a normal distribution. Spearman's rank correlation was calculated to identify correlation between variables. P values less than 0.05 were considered statistically significant.
Ethics
The project was approved by the Central Denmark Region Committees on Health Research Ethics (J.nr. 1-10-72-333-13). Every patient provided written informed consent prior to participating in the project.
Results
A total of 183 patients underwent surgery for nonadvanced colon cancer at Randers Regional Hospital. After exclusions, 52 patients were entered into the study (Fig. 2) . Patient demographics are listed in Table 1 .
Radiology

Overall
The mean length of the residual arterial stump following surgery was 38 mm (95% CI: 33-43), which was significantly longer than the expected length of 10 mm or less (P < 0.0001) ( Table 2 ). The surgical technique (open vs laparoscopic) did not influence stump length, and there was no difference in the mean stump length for cases with or without clips or according to the plane of surgery.
Right colon
The mean length of the arterial stump on the right side was 31 mm (95% CI: 25-37) ( Table 2) .
In 69% of cases, the ICA passed posteriorly to the superior mesocolic vein, but there was no association between the length of the arterial stump and the position of the ICA (posterior, 29 mm, 95% CI: 23-36 mm vs anterior, 34 mm, 95% CI: 20-48 mm; P = 0.47).
Left colon
The mean length of the left arterial stump was 49 mm (95% CI: 40-57) if measured to the origin of the IMA (Table 2 ) but only 14 mm (95% CI: 7-21) if measured to the origin of the LCA (Table 3) . The measurement to the origin of the LCA was not significantly greater than the expected length of 1 cm (P = 0.26).
Pathology
Overall the mean distance from the tumour to the arterial tie on the specimen was 97 mm (95% CI: 89-105 mm), the mean distance from the nearest bowel wall to the arterial tie was 77 mm (95% CI: 71-83 mm) and the mean number of lymph nodes harvested was 27 (95% CI: 24-31). The correlation between these pathological measurements and the length of residual arterial stump is shown in Fig. 3 . Although we found at tendency towards a negative correlation, none of the results was statistically significant.
Comparison between radiologists
Two competent radiologists measured the length of the arterial stump on 20 CT scans. We found no difference between the two observers (mean 37 mm, 95% CI: 26-47 mm vs 40 mm, 95% CI: 30-49 mm; P = 0.34).
Discussion
Using postoperative CT scanning, we attempted to measure the length of the residual arterial stump following colon cancer resection. We were able to demonstrate that there is still a substantial length of arterial stump left behind after careful CME surgery. This suggests that despite improved training of CME, we are still not performing a proximal vascular ligation in all our cases. This applied to both left and right sided resections. CME is not a new technique but has been re-popularized with the establishment of TME for rectal cancer [12, 13] . However, whilst TME is standard practice, not all surgeons routinely apply the principle of respecting mesocolic (embryological) planes for colonic malignancy, a technique defined as CME. The importance of central ligation of the tumour feeding vessel is still debated despite descriptions and national guidelines and the example of D3 resectional surgery in Japan [14] . Concerns have also been raised that a high ligation might increase morbidity including damage to the hypogastric nerves, whilst a long arterial stump will risk leaving important lymph nodes behind [11, 15] .
The strength of this study is the fact that it was prospective and all patients had a second CT scan 2 days after surgery. We also validated the radiological technique for measuring vascular length. The introduction of clips at the ligation point of the vessel for some of the patients indicated the exact point of ligation. The fact that there was no difference in the mean length of residual arterial stump with or without clips implies that the radiologists were able to correctly identify the arterial stump without being impeded by thrombosis.
The limitations of the study were the large number of patients who were excluded and the 22 patients we 
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included who did not have a CT scan after surgery. This was due to administrative issues. We do not believe that the break in the study affected our results.
Our study shows that surgeons may not always follow specific guidelines when they are reportedly undertaking CME surgery and we recognize that there is room for improvement regarding central ligation. We performed a CT scan on patients 2 days following colon cancer surgery and found that the mean length of the residual tumour feeding artery was 38 mm, which was significantly longer than expected. The cut-off of 10 mm was chosen as it was felt to be the shortest length to avoid nerve damage and residual lymphatic tissue [15] .
Several aspects should be taken into consideration when determining the acceptable residual stump length following CME surgery for colon cancer. On the right side there is significant variation in the anatomy of the vessels supplying and draining the large bowel. The ICA often passes posteriorly to the superior mesocolic vein [16] [17] [18] . Whilst this should result in a longer residual stump, a high tie is technically more difficult and surgeons may be tempted to divide the vessel more distally. In our series, the ICA passed posteriorly to the superior mesocolic vein in 69% of cases but surprisingly did not result in a longer stump length, probably because the superior mesocolic vein was never exposed. This variation in the anatomy is a potential issue as the area behind the vein is considered to be a part of the mesocolon and it would be possible to leave lymph node metastases [19] . We think that the ICA should be divided at its origin irrespective of the anatomy.
On the left side, the IMA is almost constant and is more easily divided at its origin despite potentially damaging the superior hypogastric plexus which could cause urological and sexual dysfunction [15] . Reassuringly, a systematic review has challenged this view [20] . At our institution it has been standard practice for the surgeons to ligate the vessel distal to the LCA, in the belief that this preserves flow through the marginal vessels. We admit that the evidence for this is thin but we think that this strategy was the cause for the longer stump length on the left side compared to the right side. This has the risk of leaving behind involved apical lymph nodes and explains why there has been some interest in the Japanese D3 resection technique where the mesocolon and attendant nodes are stripped from the IMA, itself preserved.
On the left side we also examined the residual stump of the LCA and showed that this was still in excess of the expected 10 mm. Our findings are similar to earlier studies [9, 21] .
A more central ligation should lead to an increased lymph node harvest, permit a more accurate staging and may also have further oncological advantages by removing involved node disease within the intravascular component [22, 23] . The number of harvested lymph nodes in this study was high even though a true CME was not performed in all cases. Lymph node harvest is influenced by age and gender, tumour biology and stage, length of resected specimen, length of the high tie and, of course, the quality of the pathology [24] . In this study there was a tendency for a bigger lymph node harvest the shorter the arterial stump.
The pathological evaluation of colon cancer specimens guides onward treatment but also gives feedback to the surgical team regarding surgical quality. Certain pathology generated measurements may not be quite so helpful. The distance between the vascular tie and the nearest mesenteric border and tumour varies within and between populations. The pathologist cannot predict residual disease.
We found no significant correlation between the length of vessel measured by the pathologist and the length of the residual arterial stump in left sided specimens. Although CT scans of the residual stump length might be the way to monitor central radicality, this does add to the cost of management as well as adding to the radiation burden. Photo documentation of the central ligation of the artery is practical but relies on the compliance of the surgeon. However, our unpublished experience has measured the residual stump length taken on the routine 1 year postoperative CT scan.
In conclusion, we have demonstrated that it is possible to measure the residual arterial stump length following colon cancer surgery using postoperative CT scans. We found no correlation between the level of arterial division and pathological measurements. Where CME was reported, there was often a long residual tumour feeding artery suggesting that, in our unit, further training programmes and mentoring are necessary. We wonder whether this might be an issue for other colorectal units.
